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Summary. Objectives: The plasma thrombomodulin
(TM) level is thought to be an indicator of endothelial
cell damage. Plasma TM levels were measured along
with other parameters in 153 patients with various
infectious diseases. The clinical significance of plasma
TM was assessed to evaluate the endothelial cell damage
in infection.

Design: A retrospective study of patients with infec-
tious diseases.

Setting: Out-patient and inpatient clinics at the hospi-
tal of the Niigata University School of Medicine and
other hospitals.

Patients: The patients’ median age was 68 years. There
were 95 patients with a respiratory tract infection, 10
with a biliary tract infection, 33 with a gastrointestinal
infection, 8 with a urinary tract infection, and 7 with
other infections. Patients having such complications as
disseminated intravascular coagulation, diabetes mel-
litus, cerebrovascular disease, cancer, and renal dysfunc-
tion (serum creatinine >110 zmolL ') or those undergo-
ing anticoagulant therapy were excluded.

Results: The plasma levels of TM, thrombin-anti-
thrombin III complex (TAT), plasmin-a«2-plasmin in-
hibitor complex (PIC), fibrin degradation products
(FDP), crosslinked fibrin degradation products (D-
dimer), fibrinogen, von Willebrand factor antigen
(vWf:Ag) and granulocyte elastase-a1-proteinase in-
hibitor complex were elevated, and those of antithrom-
bin IIT and protein C were decreased in these patients.
The plasma TM correlated positively with the
granulocyte counts, suggesting the participation of
granulocytes in the endothelial cell damage. The plasma
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TM also correlated positively with PIC, FDP, D-dimer
and vWf:Ag, and negatively with protein C. These
changes were more marked in the older patients.
Conclusions: Endothelial cell damage and the activation
of blood coagulation and fibrinolysis were found in
patients with infectious diseases.
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INTRODUCTION

Thrombomodulin (TM) is a receptor for thrombin on
the vascular endothelium, and plays an important
role in the thrombin-catalyzed activation of protein
Ct-9. Soluble TM is thought to result from the
endothelial cell damage®. The activation of coagula-
tion and fibrinolysis were recently reported in
patients with various infections diseases’~%. Deter-
mining the severity of vascular endothelium injury in
patients with infectious diseases is important in order
to prevent or treat thrombosis and organ disorders.
In this study, plasma TM was measured and compar-
ed with other coagulation and fibrinolytic parameters
and granulocyte elastase, and the clinical significance
of plasma TM was assessed to evaluate the endoth-
elial cell damage during infection.

MATERIALS AND METHODS

Patients

One hundred and fifty-three patients (93 men and 60
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women) who were clinically diagnosed as having
infectious disease were studied. The median age was
68, with an interguartile range of 52, 76 years.
There were 95 patients with a respiratory tract infec-
tion (pneumonia, bronchitis, tonsillitis or a common
cold), 10 with a biliary tract infection (cholecystitis
and cholangitis), 33 with a gastrointestinal infection
(acute enteritis, appendicitis or other enterocolitis), 8
with a urinary tract infection (pyelonephritis, pyelitis
or cystitis), and 7 with other infections (parotitis,
vaginitis, rickettsiosis, herpes zoster, decubitus and
others). All were diagnosed at an outpatient clinic or
on admission to our hospital or other hospitals. Most
of the patients were at the early to peak phase of
infection. Patients having complications with dis-
seminated intravascular coagulation (DIC), diabetes
mellitus, cerebrovascular disease, cancer, renal dys-
function (serum creatinine >110 gmolL™"), or pati-
ents undergoing anticoagulant therapy were exclud-
ed. Thirty-seven age-matched, asymptomatic healthy
volunteers (14 men and 23 women) with no diseases
and no elevations of C-reactive protein (CRP) served
as controls.

Collection of blood samples

Venous blood was collected into siliconized tubes
containing 1/10 volume of 0.129 molL™' trisodium
citrate using a 10-ml syringe with a 21-gauge needle,
and was centrifuged at 1,500g for 15 min at 4°C.
Serum samples for the determinaton of fibrin degra-
dation products (FDP) were prepared by collecting
whole blood into glass tubes containing thrombin,
reptilase, aprotinin and calcium. Assays were per-
formed on fresh plasma and serum samples or sam-
ples stored at —70°C as follows.

Assay methods

Plasma TM was measured by an enzyme-linked im-
munosorbent assay (ELISA) (Mitsubishi Gas Chem-
ical Company, Inc., Tokyo, Japan)'®. White blood
cells (WBC), granulocytes, monocytes, and lympho-
cytes were counted by standard methods. Fibrino-
gen was measured by the thrombin time method.
FDP was measured by a semiquantitative latex
agglutination method (Teikokuzoki, Tokyo). Cross-
linked fibrin degradation products (D-dimer) were
measured by a latex photometric immunoassay (Dia-
Iatron Laboratories Inc., Tokyo). Antithrombin III
(AT III) was measured by a chromogenic substrate-
based technique (Dia-Iatron). Thrombin-antithrombin
111 complex (TAT) and plasmin-a2-plasmin inhibitor
complex (PIC) were measured by ELISA (Teijin Ltd,,

Tokyo). Protein C and von Willebrand factor anti-
gen (vWf: Ag) were measured by ELISA (Boehringer
Mannheim, Tokyo). Polymorphonuclear neutrophil
elastase (PMN elastase) was measured as granu-
locyte elastase-a1-proteinase inhibitor complex by
ELISA (Diagnostica Merck, Darmstadt, Germany).
CRP was measured by a latex agglutination method
(Denkaseiken, Tokyo). Serum creatinine was mea-
sured by an enzymatic method (Denkaseiken). The
normal values are: fibrinogen 1.78-3.18 gL !, FDP <
2500 ugL~!, D-dimer=<460 xgL~', ATIII 96-160%,
TAT=0.35 xgL ™!, PIC 400-1200 pgL "', protein C 69-
157 9 and vW{: Ag 52-292 %.

Statistical analysis

Medical parameters including skewed data are
presented as median and the interguartile range in
parenthesis. The significance of deifferences between
two groups was tested by Mann-Whitney’s U-test.
Differences between groups were considered signifi-
cant at a P value of <0.05. Relationships among
parameters were analyzed by regression analysis
using the least squares method, and correlation co-
efficients (r) were calculated. Multiple regression
analysis with stepwise method was also done.

RESULTS
Levels of plasma TM and other parameters

In the 153 patients with infections diseases, the
plasma TM concentration was between 11000 and
58600 UL}, and the median value 21400 (17500, 26700)
UL-! was significantly higher than that of the age-
matched normal subjects 18200 (15100, 21300) UL!
(P<0.001) (Table 1 and Fig. 1). Twenty-nine percent
of the patients showed an elevated TM value, i.e., >
mean+2SD of normal values. As shown in Table 1,
the plasma levels of TAT, PIC, D-dimer, fibrinogen,
vWi: Ag and PMN elastase were significantly higher
in the patients than in the normal subjects (P<0.001).
The plasma levels of AT III and protein C were
significantly lower in the patients than in the normal
subjects (P<0.001). The CRP and WBC levels were
also elevated in the patients (Table 1).

Relationships between plasma TM and other
parameters

The relationships between plasma TM and the other
parameters are shown in Table 2. Among the various
coagulation and fibrinolytic parameters, plasma TM
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Table 1. Plasma levels of various parameters in patients with infectious disease and normal subjects

Parameter Control(n=37) Patients(n=153) (Ranges of patients)
Age (y) 67(63, 70) 68(52, 76) 12 ~89
T™ (UL™) 1820015100, 21300) 21400(17500, 26700)*** (11000~58600)
TAT (ugL™) 1.1€0.8, 2.0) 4.002.0, 7.50%** (0.8~47

PIC (ugL™) 800C600, 900) 1200(800, 1800)*** 0~500)

FDP (ugL™?) 250002500, 2500) 250002500, 2500) (2500~40000)
D-dimer (ugL-?) 40(10, 210) 940(540, 2170)*** (10~18410)
ATIII (%) 126(118, 141 109093, 123)*** (41~163)
Protein C (%) 110C103, 122) 83(62, 94)*** (29~145)
Fibrinogen (gL~Y) 2.46(2.23, 2.69) 3.51(2.97, 4.42)*** (1.76~6.41)
vWf:Ag (%) 155(125, 200D 2400165, 320)*** (39~740)
PMN elastase (ugL™") 107(84, 127 194(138, 311)*** (0~2264)
CRP (gL <0.005 0.042C0.007, 0.0138) (0~0.0284)
Creatinine (umolL~?) <110 62(53, 80D (27~110)
WBC (10°L7") 3.9~8.9 7.3(5.5, 10.3 2.7~23.1
Granulocytes (10°L1) —_— 5.3(3.4, 8.5) (1.5~22.3)
Monocytes (10°L~Y) e 0.400.3, 0.6 0~2.3
Lymphocytes (10°L~Y) — 1.300.8, 1.8 0.2~4.8)

Median values (interquartile range P25, P75) are shown.

Observed ranges of patients are shown as the Ranges of patients in parentheses.
***P<0.001 (compared with normal subjects)
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Fig. 1.

patient groups.

correlated positively with PIC, FDP, D-dimer and
vWi: Ag, and negatively with protein C. In addition,
the plasma TM correlated with the granulocyte
counts, but not with the monocyte or lymphocyte

A scatterplot diagram of TM values in the control and

counts. PMN elastase correlated positively with the
WBC and granulocyte counts, CRP, fibrinogen and
vWI: Ag, and negatively with AT III and protein C.
However, the correlation between TM and PMN
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elastase was not significant in the patients as a whole
(r=0.122, P<0.2) (Table 2). Thirty-four percent of the
patients with elevated PMN elastase had elevated
TM, and 22% of the patients with normal PMN
elastase showed an elevation of TM. Plasma TM was
also correlated with serum creatinine (P <0.05) at the
level <110 gmolL~. Levels of D-dimer, protein C and
creatinine were significantly related with TM level in
multiple regression analysis with a stepwise method.

Table 2. Correlations between plasma TM and other
parameters in the patients with infectious diseases

Parameter r r? P value
Age 0.110 0.012 NS
TAT 0.121 0.015 NS

PIC 0.193 0.037 P<0.05
FDP 0.215 0.046 P<0.01
D-dimer 0.387 0.150 P<0.001
ATIIL —0.149 0.022 NS
Protein C —0.309 0.095 P<0.001
Fibrinogen —0.028 0.001 NS
vWi:Ag 0.291 0.085 P<0.001
PMN elastase 0.122 0.015 NS

CRP 0.137 0.019 NS
Creatinine 0.189 0.036 P<0.05
WBC 0.133 0.018 NS
Granulocytes 0.231 0.053 P<0.01
Monocytes —0.099 0.010 NS
Lymphocytes —0.151 0.023 NS

Analysis according to CRP

The patients were divided into two groups according
to the level of CRP. As shown in Table 3, no differ-
ence was found in the TM level between the mild
infection (CRP <5.0 mg/dl) group (n=75) and severe
infection (CRP=5.0 mg/dl) group (n=73), although
the groups’ PMN elastase, WBC count, granulocyte
count and CRP differed significantly.

Analysis according to age

We then subdivided the patients into two groups
according to their ages to identify any difference in
the degree of endothelial cell damage between older
patients (age>>60 years) and younger patients (age<
60 years) for convenience, and analyzed. The ™
level, granulocyte counts and vWf: Ag were signifi-
cantly higher in the older patients than in the younger
patients (data: not shown). In the older patients, TM
correlated positively with WBC and granulocyte
counts, CRP, PIC, FDP, D-dimer and vW{: Ag. In the
younger patients, TM correlated only with the
monocyte count (Table 4).

DISCUSSION

An assay of soluble TM in human plasma and urine
by ELISA was recently established"” and has been
used as a marker for the injury of endothelial cells®.
It is known that the plasma level of TM is elevated
in patients with systemic lupus erythematosus"",
diabetes mellitus">!®, adult respiratory distress syn-
drome®, thrombotic disease®#!¥ and DIC!#'®. Al-
though patients with mild infections were included in

Table 3. Plasma levels of each parameter in patient groups divided accord-
ing to the level of C-reactive protein (CRP)

CRP<5.0mg/dl CRP=5.0mg/dl

Parameter P value
(n=75) (n=73)

TM (UmL™) 22.0+8.2 24.4+8.0 NS
PMN elastase (ugl.™") 1794148 4274394 P<90.001
WBC (L) 6514 +2450 10457 +4331 P<0.001
Granulocytes (uL™') 4663 +2984 86844198 P<0.001
Monocytes (xL™') 4524235 528+371 NS
Lymphocytes (uL™) 1492780 1188679 P<0.05
CRP (mgdL™?) 1.19+1.22 14.50+6.26 P<0.001
Age (y) 6021 63+19 NS




Table 4. Correlation coefficients between plasma TM
and other parameters in the older and younger patient
groups

Age<60y Age>60y

Parameter (n=50) (n=103)
PIC r=0.103 0.228*
FDP 0.198 0.211*
D-dimer 0.157 0.482***
vWTf:Ag 0.159 0.273**
PMN elastase 0.080 0.147
CRP —0.104 0.202*
WBC —0.204 0.261**
Granulocytes —0.111 0.334***
Monocytes —0.348* —0.0003
Lymphocytes —0.257 —0.074

*P<0.05, **P<0.01, ***P<0.001.

the present study, and elevation of plasma TM was
found. These patients showed signs of activation of
coagulation and fibrinolysis: elevated TAT, PIC and
D-dimer (Table 1). Significant correlations between
the TM level and PIC, FDP and D-dimer were found
(Table 2). In addition, the plasma TM correlated with
vWIf: Ag, another marker of endothelial cell injury.
These findings suggest that endothelial cell damage
is common in patients with infectious diseases
although what is not obviously elevated, and could be
a result of the activation of blood coagulation and
fibrinolysis.

It has been reported that neutrophils mediate en-
dothelial cell injury in vitro*®'®, and that this injury
is inhibited by granulocyte elastase inhibitors but not
by catalase or superoxide dismutase!'5-'”. In addi-
tion, granulocyte elastase leads to hemostatic dis-
orders in severe infections"® and septic shock®?.
Decreased TM expression in various infected endo-
thelial cells has also been reported®®2V, In the present
study, the TM levels did not significantly correlate
with the level of PMN elastase and CRP, and the
elevation of the plasma TM level was not so high in
the high CRP group (Table 2 and 3), suggesting that
some factors other than PMN elastase may affect
the liberation of TM from endothelial cells. Recently,
some reports have shown the importance of oxygen
radicals in endothelial injury?2?®, Although the eleva-
tion of the plasma TM level may not be remarkably
high in a patient at the early phase of infection as in
this study, endothelial cell damage may still be pres-
ent, and careful hemostatic observations are neces-
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sary to prevent or treat thrombosis and organ dis-
order during the course of infection.

Regarding the patients’ ages, the TM levels,
granulocyte counts and vWf: Ag were significantly
higher in the older patients although there was no
difference in CRP between the two age groups. Only
in the older group did the plasma TM correlate with
the WBC, granulocyte counts, and other parameters
(PIC, FDP, D-dimer, and vWf: Ag) (Table 4). These
findings suggest that increased granulocytes easily
cause damage to endothelial cells and lead to a
procoagulant state in the older patient group compar-
ed with the younger patient group.

Even with the results of the present study, it is
difficult to identify the key factors which elevate the
plasma TM level in association with the activation of
blood coagulation and fibrinolysis in patients with
various infectious diseases. If we could analyse defi-
nite bacterial infection cases only and another rela-
tionship between TM and PMN elastase could be
found, other factors such as other cellular enzymes,
cytokines, and the condition of endothelial cells in the
infectious state remain to be studied in addition to
PMN elastase for causing the elevation of TM in this
syudy.
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